The purpose of this study was to assess the association between human T-lymphotropic virus 1 (HTLV-1) and a lifetime history of active tuberculosis (TB) among relatives of HTLV-1-infected patients. We reviewed clinical charts of all relatives of HTLV-1-infected index cases who attended our institute in Lima from 1990Lima from -2004. The data of 1233 relatives was analysed ; 394 (32 . 0%) were HTLV-1 positive. Eighty-one subjects (6 . 6 %) had a history of active TB, including 45/394 (11 . 4%) HTLV-1-positive and 36/839 (4 . 3%) HTLV-1-negative relatives (P<0 . 001). On multivariate analysis, three factors were associated with TB history : HTLV-1 infection (adjusted OR 2 . 5, 95% CI 1 . 6-3 . 9), age (adjusted OR 1 . 3, 95 % CI 1 . 1-1 . 5 per 10-year age increase) and relation to the index case (adjusted OR 2 . 6, 95% CI 1 . 3-5 .
INTRODUCTION
Human T-lymphotropic virus 1 (HTLV-1) is a retrovirus that produces a lifelong infection [1] . Worldwide, an estimated 20 million people are infected [2] . The majority of carriers remain asymptomatic. HTLV-1 nonetheless causes morbidity and mortality in endemic areas, because in 2-5 % of the carriers, infection is associated with severe diseases such as adult T-cell leukaemia/lymphoma and HTLV-1-associated myelopathy/tropical spastic paraparesis. Furthermore, HTLV-1-infected individuals are at increased risk of developing specific infections : associations of HTLV-1 with strongyloidiasis, infective dermatitis, scabies, leprosy, and kidney or bladder infections have been reported [1, 3, 4] . HTLV-1 can be transmitted through blood transfusion, exchange of contaminated needles or syringes, sexual intercourse, and from mother to child [1] . Because of the latter two routes of transmission, HTLV-1 tends to cluster within families. In Peru, it is estimated that 1-3 % of the healthy adult population carry HTLV-1 [5, 6] .
Peru is also endemic for tuberculosis (TB). Although the TB incidence rate has decreased after the extensive implementation of the WHO programme of Directly Observed Treatment, Short Course Strategy (DOTS) in 1990, Peru still has one of the highest TB incidence rates of the Americas, with an estimated 172 cases/100 000 in 2005 [7] .
The adverse impact of HIV on the incidence and outcome of TB is well known [8] . There is less information on the effects of HTLV-1 infection on TB. In Japan, HTLV-1-infected people show a reduced delayed-type hypersensitivity response to purified protein derivative (PPD) of Mycobacterium tuberculosis, whereas the response to phytohaemagglutinin is normal [9, 10] . In a study of former blood donors in the United States, HTLV-1 carriers responded normally to antigens of mumps and Candida albicans [11] . Furthermore, high frequencies of HTLV-1 infection among TB patients have been reported in Japan, Nigeria and Brazil [12] [13] [14] . On the other hand, in studies in Senegal and Papua New Guinea, few TB patients were HTLV-1 infected [15, 16] .
Fewer studies started with HTLV-1-infected individuals and looked at the occurrence of TB. In one Japanese report, TB history was more frequent among HTLV-1-infected than among seronegative men [17] . In another Japanese study, chest X-ray findings compatible with old pulmonary TB were more frequent among HTLV-1 carriers than among non-carriers [18] .
In order to assess the association between HTLV-1 and a lifetime history of active TB, we conducted a cross-sectional study among family members of HTLV-1-infected subjects attending a referral centre in Lima, Peru.
METHODS

Setting
At the Institute of Tropical Medicine Alexander von Humboldt in Lima, we provide HTLV-1 screening and clinical follow-up to patients with presumptive diagnoses of HTLV-1-associated diseases. Also HTLV-1-positive candidate blood donors are being referred to our institute for counselling. Each time a new case of HTLV-1 infection is documented ('index case '), we offer free HTLV-1 screening to their blood relatives as well as their partners. The routine evaluation of index cases and their relatives includes a standardized interview by trained health-care workers and HTLV-1 testing. During the study period, enzyme immunoassays (EIA ; Sanofi Diagnostics Pasteur, Marnes-la-Coquette, France; Bio-Rad Laboratories, Hercules, CA, USA ; or Cambridge Biotech, Worcester, MA, USA) were used as screening tests. Most of the reactive samples (62 %) were confirmed with Western blot (Genelabs Diagnostics, Singapore) or line immunoassay (Innogenetics, Ghent, Belgium). Not all reactive samples underwent confirmatory testing because of some financial limitations during the study period.
Study population
For this study, we reviewed the clinical charts of all relatives of HTLV-1-infected index cases and included the data of those relatives screened between January 1990 and January 2004. Children aged <3 years were not included because at that age, the EIA results are neither entirely reliable nor definitive, especially because prolonged breastfeeding is common in this population. We excluded data of relatives with indeterminate serology or without information on TB history.
Data collection
The clinical charts contained demographic information, data on medical and HTLV-1 risk factor history, and included questions on TB history. We considered that if someone had ever received TB treatment, he or she had a history of active TB. All clinical charts had been filled out at the first contact with an index case's relative, before interviewer and respondent were aware of the HTLV-1 status. A blank copy of these charts is available on request.
Statistical analysis
The frequency of a history of TB in HTLV-1-negative relatives was compared to that in HTLV-1-positive relatives and index cases using x 2 tests. Through bivariate analyses, we assessed the crude association between a lifetime history of active TB and the following variables : HTLV-1 status ; age at the time of HTLV testing ; sex ; ethnicity ; history of blood transfusion and of drug abuse; relation to the index case and reason for HTLV-1 testing of the index case. Ethnicity was defined as Andean if both parents or all four grandparents were born in the Andean region.
Multivariate analysis was done using the generalized estimating equation method, in order to adjust for the effect of potential confounding factors and at the same time to account for correlation between family members [19] . All variables with a P value of <0 . 2 on bivariate evaluation were included in the model. To check whether the lack of HTLV-1 confirmation tests could influence the results, we repeated the analysis excluding all subjects with unconfirmed positive EIA results.
Data were stored in Microsoft Access and analysed with SPSS 12.0 for Windows (SPSS Inc., Chicago, IL, USA) and R 2.5.0 [20] .
HIV
Until 2004, HIV tests were not part of the routine evaluation of people who came for HTLV-1 screening at our institute. To check the frequency of HIV among the relatives who were included in this study and had a history of TB according to their clinical charts, we visited these people and invited them to participate in a follow-up study. After informed consent, trained health-care workers interviewed these subjects and took a new sample, which was then tested for HIV using a microparticle chemoilluminometric immunoassay (Bayer Healthcare, Lima, Peru).
Ethical considerations
The study protocol was approved by the Institutional Review Board of the Universidad Peruana Cayetano Heredia and the study was conducted following the guidelines of this university with respect to human participants' protection.
RESULTS
A total of 1305 relatives were tested for HTLV-1. Four hundred and ten of 665 (61 . 7%) index cases had brought at least one family member. Family studies started more frequently with female than with male index cases and more frequently with diseased than with healthy index cases ( Table 1) . Twenty-seven relatives were excluded because of indeterminate HTLV-1 serology ; 32 because of missing information on TB ; and 13 children were not included because they were aged <3 years when tested. The remaining 1233 relatives, from 398 families, were included. In addition to the index case, the median number of participants per family was two (interquartile range 1-4, range 1-23).
The mean age (¡S.D.) of the relatives was 36 (¡18) years ; 777 (63 . 0%) were female. In total, 475 (38 . 5%) were children of index cases ; 236 (19 . 1 %) siblings ; 161 (13 . 1 %) parents ; and 200 (16 . 2 %) spouses. A total of 161 relatives (13 . 1 %) had more distant relationships with index cases. HTLV-1 screening tests were positive in 394 family members (32 . 0%); in 248 (62 . 9 %), the diagnosis of HTLV-1 infection was confirmed with Western blot or line immunoassay.
Eighty-one relatives (6 . 6 %) reported a history of TB : 36/839 (4 . 3%) HTLV-1-negative and 45/394 (11 . 4 %) HTLV-1-positive individuals (x 2 test, P< 0 . 001). Among the index cases, 60/395 (15 . 2%) had a history of TB (x 2 test : P<0 . 001 compared to HTLV-1-negative, and P=0 . 1 compared to HTLV-1-positive relatives). Sixteen of the 45 patients (36 %) with HTLV-1 and TB were children or siblings of infected subjects.
The comparison between relatives with and without a history of active TB is shown in Table 2 . Forty-five of 81 relatives (56 %) with TB history were HTLV-1 positive, compared to 349/1152 relatives (30 %) without TB history [odds ratio (OR) 2 . 9, 95 % confidence interval (CI) 1 . 8-4 . 5]. People with a history of TB were older (OR 1 . 3, 95% CI 1 . 1-1 . 5 per 10-year age increase) and more frequently of Andean ethnicity (OR 1 . 9, 95 % CI 1 . 2-3 . 1). They also reported more often that they had received a blood transfusion (OR 2 . 5, 95% CI 1 . 4-4 . 4).
On multivariate analysis, three factors were significantly associated with a lifetime history of active TB : HTLV-1 status (adjusted OR 2 . 5, 95% CI 1 . 6-3 . 9 for seropositive versus seronegative relatives), age (adjusted OR 1 . 3, 95 % CI 1 . 1-1 . 5 per 10-year age increase) and relation to the index case (adjusted OR 2 . 6, 95 % CI 1 . 3-5 . 1 for siblings compared to spouses) ( Table 2 ). When we repeated the same analysis excluding all relatives with unconfirmed EIA-positive samples, the association between TB history and HTLV-1 infection remained significant (adjusted OR 2 . 2, 95% CI 1 . 2-3 . 8).
From June 2006 to January 2007, we organized home visits to the relatives who according to their clinical charts had a history of TB. Thirty-seven out of 81 subjects (46 %) were found. The remaining relatives were not able to be contacted at home on at least two occasions (n=18), had moved to an unknown address (n=15), died (n=4), or lived outside Lima (n=3) ; for four relatives, the address registered on the chart did not exist. Among those who died, the cause of death according to the relatives was : myocardial infarct, bladder cancer, cerebral trauma, and TB. Twenty-three of the 37 relatives who were found (62 %; 13 HTLV-1 positive and 10 HTLV-1 negative) were willing to undergo HIV screening ; they were all HIV negative. Three subjects did not want to participate because they already knew their HIV status: two HTLV-negative subjects had been tested a few months before our visit and were HIV negative and one HTLV-1-infected subject reported a diagnosis of HIV infection in 2003.
On interview, the 23 participants in the follow-up study confirmed that they had been treated for active TB ; they were able to mention the year and place of treatment. Twenty-one subjects reported having had pulmonary TB ; one had a history of pleural and one of renal TB. None of these subjects had had more than one TB episode.
DISCUSSION
We found an association between HTLV-1 infection and a lifetime history of active TB among relatives of HTLV-1-infected patients. After adjustment for demographic and HTLV-1 risk factor characteristics, relatives with a history of TB were more than twice as likely to be HTLV-1 infected than those who never had TB. In this population, TB history was also associated with older age and with being sibling of an HTLV-1-infected index case.
Because of the cross-sectional design of the study in which there is no direct information on temporal relationship between events, these results could be compatible with three different hypotheses : that HTLV-1 increases the susceptibility to active TB, that TB increases the susceptibility to HTLV-1 infection, or that a third factor increases the probability to have both TB and HTLV-1. We can assume, however, that in at least 16 out of the 45 subjects in whom both events occurred, HTLV-1 infection preceded the TB episode. Because these subjects were children or siblings of infected subjects, they were most probably infected with HTLV-1 at an early age through mother-to-child transmission.
Protective immunity to M. tuberculosis depends on the correct function of T cells and their interaction with macrophages. HTLV-1 preferentially infects T cells and causes chronic T-cell dysfunction, which appears to result in an impaired immune response to specific pathogens [21] . Even though the mechanism and the impact of such immune suppression remain unknown, it makes an association between HTLV-1 and TB biologically plausible. Moreover, it is well documented that HTLV-1-infected individuals have a reduced delayed-type hypersensitivity response to PPD [9, 10, 22] . This hypo-responsiveness appears to be specific for PPD, since the response to phytohaemagglutinin, and mumps and C. albicans antigens is normal [9, 11] .
In the case of strongyloidiasis, a parasitical infection clearly linked to HTLV-1, the immunological processes underlying the association are better understood [23] . Patients with strongyloidiasis and HTLV-1 have a stronger Th1 and a weaker Th2 response than patients with strongyloidiasis alone. This weak Th2 response interferes with mast cell degranulation, impairs the recruitment of eosinophils, and reduces the killing activity against the parasite [23, 24] . However, this suppression of protective Th2 responses by HTLV-1 is not a satisfactory explanation for its association with TB, where Th1 responses are protective. Another, tentative explanation is that HTLV-1 would cause a generalized immune suppression ; but it then remains to be clarified why HTLV-1 is associated with some and not all infections known to be frequent among immune-suppressed subjects.
In several epidemiological studies, a high prevalence of HTLV-1 was found among TB patients [12, 13] . In a case-control study in Brazil, HTLV-1 was three times more frequent in TB patients than in hospital controls [14] . Moreover, HTLV-1 infection might also increase the severity of TB disease, as in two reports of hospitalized TB patients, co-infection with HTLV-1 was associated with mortality [25, 26] . On the other hand, a case-control study in Senegal did not find an association between both infections and in Papua New Guinea, none of 102 TB patients were infected with HTLV-1 [15, 16] . Our study differs from the latter two in several aspects : the geographical region (and possibly HTLV-1 subtype), the larger population size, the high prevalence of HTLV-1, and the fact that the control subjects without TB came from the same families as the cases.
In this family-based study population there is a risk of selection bias because both TB and HTLV-1 are known to cluster within families. However, because the inclusion of the family code in the multivariate model did not affect the results, we believe that the association between HTLV-1 and TB is real. In addition, there are also important advantages to family-based recruitment, particularly in the context of TB. The risk of TB is associated with poverty, crowding, room ventilation, and duration and intensity of exposure to an infectious TB case among many other factors [27] . In a community-based study, such factors could be important confounders for which it would be difficult to adjust. In this family-based study population, we can assume that the exposure to such risk factors is similar among HTLV-1-infected and -uninfected subjects, because they all come from families with at least one case of HTLV-1. Despite the similar socio-economic status and housing conditions, the HTLV-1-infected subjects report more frequently a history of TB (11 %) than the uninfected (4 %), and this association between HTLV-1 and TB history is independent of demographic and HTLV-1 risk factor variables, and cannot be explained entirely by clustering of HTLV-1 and/or TB within families.
A limitation of this study is that confirmatory tests could not be done on all EIA-positive samples. It is possible that some of the relatives considered to be HTLV-1 infected in our analysis were in fact HTLV-1 seronegative (false-positive EIA results). However, we believe that the number of false-positive EIA results must have been small, because both the specificity of the EIA tests (98-100%) and the prevalence of HTLV-1 in this population (32 %) were high. Moreover, it seems unlikely that the frequency of falsepositive results would differ systematically between the subjects with a history of TB and those without. Finally, if we excluded all relatives with unconfirmed EIA-positive tests from the analysis, the results were similar. Theoretically, it is also possible that some of these unconfirmed seropositives were infected with HTLV-2. However, HTLV-2 rarely occurs outside the jungle areas of Peru and very few of the families included originated from the jungle. No cases of HTLV-2 infection were found in several surveillance studies in Lima and in the Peruvian Andes [5, 6, 28] . HTLV-2 infection is also uncommon at our institute : only 4/475 samples in which confirmation tests were done over the past 15 years, were typified as HTLV-2 (E. Gotuzzo et al., unpublished data).
The fact that we relied on patient interview to determine a history of active TB, based on history of TB treatment, is another possible source of misclassification. However, because TB treatment takes several months, we believe that it is an event that most people remember when specifically asked about, particularly since the introduction of DOTS in 1990 [29] . The fact that the 23 relatives who were interviewed afterwards easily remembered the place and time of treatment supports this view. The Peruvian TB Control Programme accepts few smear-negative patients for treatment, making it unlikely that many people received treatment without proof of TB [29] .
The proportion of subjects with a history of TB was slightly higher among the HTLV-1-infected index cases (15 %) than among their HTLV-1-infected relatives (11 %) ; this difference was not significant. At the time of the interview, most index cases suffered from HTLV-1-associated conditions and in many cases, the interviewer knew or suspected the patient's positive HTLV-1 status. Both factors could have led to an increased recall of a history of TB. By contrast, in the case of the relatives, both the interviewer and the participants were unaware of HTLV-1 status at the time of data recording. Recall bias is, therefore, unlikely among the relatives, although an underestimation of the number of relatives with a history of TB is possible. In order to avoid recall bias, we focused this study on relatives rather than on index cases.
The information on the HIV status of the included relatives is limited. Nonetheless, out of the 26 subjects with a history of TB and known HIV status, only one was HIV infected. In addition, since we included HIV screening in the routine evaluation at our institute in September 2004, 109 HTLV-1-infected relatives have been tested and no one was HIV positive (E. Gotuzzo et al., unpublished data). The latter population is very similar to the relatives evaluated in this study. Furthermore, the HIV prevalence has remained relatively low in Peru, both in the general population (0 . 6 % in 2005) and among TB patients (1 . 9% in 2004) [30, 31] . Therefore, although we cannot rule out the possibility of a confounding effect of HIV infection, we believe that this did not interfere substantially in our study.
In conclusion, our findings suggest that HTLV-1 infection may increase an individual's susceptibility to active TB. If this observation is confirmed through prospective studies, its potential impact on TB control strategies should be evaluated in areas with a high HTLV-1 prevalence. It would also be important to investigate which immune dysfunction contributes to this association, e.g. by studying CD4 T cell-macrophage interaction in HTLV-1-infected subjects. Even though the immune suppression caused by HTLV-1 is less profound than that caused by HIV, the consequences of an association between HTLV-1 and TB could be important in populations in which both infections are endemic.
